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EXECUTIVE SUMMARY
This literature review identifies and summarises existing evidence on the determinants of undernutrition in children under the age of two years in Bangladesh. The review gathers evidence on the immediate, underlying and basic determinants of child undernutrition. While these determinants fall into various thematic categories, they are by no means discrete. Instead they are interconnected by multiple overlapping causal factors.
Diet and illness are immediate factors closely bound up with maternal health and nutritional status as well as care-giving practices. Gender, poverty and vulnerability are key cross-cutting themes, with those of low socio-economic status suffering higher food insecurity and vulnerability to infections. The poor are especially vulnerable to natural disasters and economic shocks.
Poor dietary diversity and inadequate breastfeeding practices can be attributed to food insecurity, income-poverty and lack of access to education and health services. Infant feeding practices pose risks if poor in terms of portion size, feeding frequency and diversity. Undernutrition and infection interact in a vicious cycle: the severity and duration of infections are greater among malnourished children. Diarrhoeal and acute respiratory infections are the cause of two-thirds of all deaths of children under one year.
Underlying factors include income poverty; household food insecurity and water, sanitation and health (WASH). Food insecurity affects infant feeding practices and dietary diversity, often influenced by seasonality -where low income households are at higher risk during the monsoon season than during the dry season. Food price increases are positively associated with the prevalence of underweight children and inversely associated with household non-grain expenditures, an indicator of dietary quality. WASH factors impact the infective environment of children.
The gender dimension is a strong element. Female-headed households are more vulnerable to food insecurity. The intergenerational effects of poor maternal health, where malnourished adolescent girls are more likely to become malnourished mothers highlights the importance of health among young women and girls. Maternal age, educational status, birth order and birth interval are key predictors of nutritional status.
Finally, basic factors encompass the wider socio-economic, ecological and cultural context of child undernutrition in Bangladesh. Poverty, vulnerability and socio-cultural attitudes can all contribute to child undernutrition from pregnancy and infancy on to the later stages of child development. Factors such as the educational status and income level of parents can have a significant impact on a child's nutritional status. Much evidence has been found on the negative impacts of tobacco use. Gender disparities in terms of care-giving practices, and the level of female empowerment of caregivers can shape outcomes. Bangladesh is also prone to flooding which can impact the poor and vulnerable worst. Disaster impacts can lead to both short-term and long-term effects on child undernutrition.
INTRODUCTION
The purpose of this literature review is to identify, review and summarise existing research evidence on the determinants of undernutrition in children aged two years and below in Bangladesh. The review gathers available evidence on the immediate, underlying and basic determinants of child undernutrition in accordance with the UNICEF conceptual framework of malnutrition (1990) .
Child undernutrition is a 'multi-faceted complex phenomenon' ( ; Choudhury, F.P. and Cravioto, A. 2012a) and is both an outcome and trigger of health issues. A broad review of the literature concerning child undernutrition in Bangladesh reveals multiple causal factors that are inter-correlated, and thus makes it difficult to 'empirically determine the key driving factors and underlying pathways' (Foraita, R.; Klasen, S. and Pigeot, I. 2008) . These multiple causal factors differ in terms of nature and proximity to the outcome.
This review takes its reference from the UNICEF Conceptual Framework (1990) and the recently updated version in the Lancet (Black et al. 2013 ) which identifies the basic causes of undernutrition as: household access to resources (such as land, income, technology and income) inadequate social, physical and human capital and the surrounding socio-cultural, political and economic context. These in turn are connected to the underlying causes: household food insecurity, inadequate care and feeding practices, unhealthy household environment and lack of access or inadequate health services. These then feed into the immediate causes, identified as diet and disease/illness. Each category is subdivided into more specific thematic sub-categories, however these sub-divisions should not be considered as discrete as many are cross-cutting and connect with different causal pathways for child undernutrition in the Bangladeshi context. The temporal impact of these factors on nutritional status can be short-term, long-term and intergenerational.
TYPOLOGY OF UNDERNUTRITION
Malnutrition is an umbrella term which covers under-and over-nutrition. 1 Undernutrition can manifest itself in different forms and affect the physical and mental development of children in different ways. Each type of undernutrition depends on age, duration and nutrient composition of diet.
 The most basic kind is called 'protein energy undernutrition' caused by a diet lacking in energy and protein due to a deficit of all major macronutrients, such as carbohydrates, fats and proteins. Marasmus is caused by a lack of protein and energy with sufferers appearing skeletally thin. In extreme cases, it can lead to kwashiorkor.  Other forms of undernutrition are usually the result of vitamin and mineral deficiencies (micronutrients), which can lead to anemia, scurvy, pellagra, beriberi and xeropthalmia and, ultimately, death. Undernutrition in Bangladesh is most commonly identified through measurement of growth and body composition, known as anthropometric indicators. Underweight, stunting, and wasting, are the nutritional status conditions measured in an anthropometric assessment.
 Underweight (Weight for age) is the most common assessment of child nutrition status. It is routinely collected in growth promotion programmes, and is a good indicator for children under 24 months because of the need to do precise measurements of weight for these age groups. Weight for age (WFA) is a simple index, but this index does not take height into account. Children who are taller would be expected to weigh more than other children, just as children who are shorter would be expected to weigh a little less and still be healthy;  Stunting (Height for age) is a measure of linear growth. Stunting refers to shortness, and reflects linear growth achieved pre-and postnatal with its deficits it is generally assumed to indicate long-term, cumulative effects of inadequate nutrition and poor health status. Height for age (HFA) is considered a measure of past nutrition, because a child, who is short today, maybe did not have adequate nutritional intake at some point in the past;  Wasting (Weight for Height) is a measure of acute or short-term exposure to a negative environment. It is sensitive to changes in calorie intake or the effects of disease. Wasting can be calculated without knowing the age of a child. Weight for height (WFH) is a measure of current body mass. It is the best index to use to reflect wasting undernutrition, when it is difficult to determine the exact ages of the children being measured.
A child is considered malnourished or severely undernourished if any of these indices fall below the accepted median values set by the World Health Organization international reference (de Onis, M.; Onyango, A.W.; Borghi, E.; Garza, C. 2006).
METHODOLOGY
The literature on determinants of child undernutrition in Bangladesh was located by generating initial keywords to create search strings, within the date range of 2000-13, and within the geographical parameters of Bangladesh. These search strings were applied to a number of indexes: Web of Science/Knowledge abstracts from Proquest (Medline/IBSS), Scopus and PubMed. Each database searches across thousands of online journals. The initial search yielded approximately 1200 findings. Following a review of the abstracts of these initial findings and elimination of duplicates, the results were narrowed down to 217 relevant articles.
IMMEDIATE FACTORS
The immediate causes of child undernutrition are related to diet and illness. According to widelyaccepted public health conventions, an initial period of exclusive breast-feeding (EBF) should be followed by an adequate and balanced diet consisting of all the micronutrients required for healthy child development. Illness and undernutrition can interact to create a vicious cycle. Major illnesses and infections such as diarrhoea and measles can damage a child's digestive system to the extent where even a nutritious and adequate diet cannot be absorbed into the body, thus posing the risk of undernutrition. Diet and illness are determined by a wider set of underlying factors: availability, access and utilisation of food (food security) -which in itself can be informed by socio-economic conditions; access to healthcare services and immunisation against illness; water, sanitation and health (WASH) facilities to combat the presence of diarrhoea and the health and awareness of caregivers themselves are among these factors.
The health and nutritional status of the mother herself during pregnancy, exclusive breast-feeding, and the infant-feeding practices (IFP) she undertakes also determine a child's diet and risks of illness, and are thus considered immediate causes of undernutrition.
Diet and illness
Micronutrients
Undernutrition is widely attributed to a deficiency of the four key micronutrients necessary for the physical and mental development of a child. Also referred to in the literature as 'hidden hunger,' this deficiency can lead to all types of child undernutrition. The key micronutrients are: iodine, zinc, vitamin A and iron (Ahmed et al. 2012a There is a growing interest in the role of genetics in child undernutrition apparent in the literature on diet and illness as immediate causes of undernutrition. The inability to absorb micronutrients can also be attributed to a genetic predisposition, and further research is required in the use of metagenomics to understand the genetic causes of undernutrition Mansur, A.; Petri Jr, W.A. and Cravioto, A. 2009 ).
Diarrhoeal infection
In Bangladesh, diarrhoea and acute respiratory infections are the cause of two-thirds of all deaths of children less than one year of age Sabir, A.A.; Mitra, S.N. and Black, R.E. 2001) There is a significant amount of evidence on the inhibiting impacts of diarrhoea on physical growth, an indicator of undernutrition (Das and Hossain 2008; Ahmed and Ahmed 2009a) . A study by Ahmed and Ahmed (2009a) attributes the persistently high rates of child undernutrition in Bangladesh to, among other things, repeated attacks of infectious illnesses and widespread micronutrient deficiencies. The severity and duration of infections-such as diarrhoeal diseases-are greater in malnourished children than in those who are not. The highest rates of diarrhoea occurred among malnourished children, likely due to the vicious cycle of the undernutrition-infection interaction (Ahmed and Ahmed 2009a) . Findings from one survey show that among the children who experienced diarrhoea, about 17 per cent and 39 per cent were found severely and moderately underweight respectively, while among those children who did not suffer from diarrhoea within two weeks prior to the survey about 12 per cent and 32 per cent were found severely and moderately underweight respectively (Das and Hossain 2008 
Infant Feeding Practices (IFP)
Breast-feeding
Breast-feeding for the first year of a child's life is a common practice in Bangladesh, however the rate of undernutrition remains high (Ahamed 1986.) , and this is widely attributed to incorrect infant feeding practices ( Data from a nationwide programme reported that 98 per cent of 28,584 newborn babies were fed colostrum but only 37 per cent of infants were exclusively breast-fed for an average of five months in 58 sub-districts of Bangladesh (Faruque et al. 2008) . A mixed-methods study also identified significant gaps which exist in breast-feeding behaviours among mothers in Bangladesh, mostly due to lack of awareness as to why medically recommended breast-feeding practices are beneficial, the risks of not practicing them, as well as how to practice them. Health workers' interactions for promoting and supporting optimal breast-feeding are extremely low (Haider et al. 2010 ). Misunderstanding about exclusive breast-feeding practices whereby other liquids were also given, is also common during the first six months of infancy.
The importance of maternal health is also indicated in adequacy of breast-milk that can be provided for infants. One study used the physical growth of breastfed infants as an indirect measure of breast-milk adequacy, particularly during the early months and these were shown to be lower for mothers who were undernourished during pregnancy (Alam et al. 2010) . The duration and timing of breast-feeding have been identified as key factors in undernutrition: less than six months of breast-feeding can pose a risk, and the initiation of breast-feeding within one hour after birth may reduce risk of underweight children (Hien and Hoa 2009 ).
Complementary feeding practices
The initiation of complementary feeding is recommended after six months of exclusive breast-feeding. Appropriate IFP are associated with positive outcomes in weight and length during infancy (Saha, K.K.; Frongillo, E.A.; Alam, D.S.; Arifeen, S.E.; Persson, L.A. and Rasmussen, K.M. 2008a). Portion size, feeding frequency, micronutrient-rich foods, and active encouragement to eat are all observed as optimal IFP and have been shown to contribute to better growth and overall nutritional outcomes for infants (Saha et al. 2008a) . Around 26 per cent of mothers gave complementary food to their children less than four times a day according to a Dhaka-based study (Jesmin, A.; Yamamoto, S.S.; Malik, A.A. and Haque, M.A. 2011) , and this has potentially damaging effects on a child's nutritional status. The prevalence of undernutrition is found to be highest for children above seven months of age (Das and Hossain 2008) , with inadequate supplementary food (given post-exclusive breast-feeding) cited as the main cause of this (Das and Hossain 2008; Ahmed and Ahmed 2009a) .
UNDERLYING FACTORS
The underlying determinants of child undernutrition include income poverty -which is concomitant with household food insecurity -exacerbated by the Bangladeshi context of food price fluctuations (although fluctuations have been modest compare to other countries); deficiencies in care (both within the household and from external healthcare services); and an unhealthy household environment (Ahmed et al. 2009 ). The importance of gender in influencing these underlying factors is also recurrent in the literature and can intensify or modify the impacts of food security and caregiving. Water, sanitation and health facilities (WASH) determine the infection environment which children are exposed to and thus their risk of suffering undernutrition outcomes. Infection and disease interacts with child undernutrition and health outcomes, and thus WASH should be considered as a causal factor which underlies child undernutrition.
Food security
Food insecurity has been defined as a condition that exists 'when people do not have adequate physical, social or economic access to food,' (FAO 2010). Food security has major impacts on hunger and undernutrition (Rahman and Karim 2013) . Food and its access and availability are cited as one of the most important long-term factors that could prevent undernutrition. The quantity and nutritional quality of food can determine the intake of energy, protein and vitamins, which affects growth, development and resistance to disease and infection. A lack of nutrients can lead to a vicious cycle of illness and undernutrition ( In the Bangladeshi context, another factor to take into consideration is how food security itself is influenced by seasonality. One study based in northern Bangladesh shows evidence of low-income households exposed to a higher risk of food insecurity during the monsoon season than during the dry season. In terms of specific undernutrition outcomes, a strong association has also been observed between household food insecurity and child wasting (Ali, D.; Saha, K.K.; Nguyen, P.H.; Diressie, M.T.; Ruel, M.; Menon, P. and Rawat, R. 2013). There are extensive overlaps here with the basic socio-economic and gender-based factors of child undernutrition, discussed elsewhere in this review.
Food prices
Recent studies have looked at the relationship between food prices and undernutrition. In Bangladesh, rice prices are known to be positively associated with the prevalence of underweight children and inversely associated with household non-grain food expenditures, an indicator of dietary quality. Low dietary diversity during the period prior to major food price increases indicates a potential risk for intensified micronutrient deficiencies and consequent child undernutrition in Bangladesh (ThorneLyman et al. 2010).
As poor households spend a relatively high proportion of income to purchase food, food prices can directly affect the amount and type of food consumed and will subsequently impact nutrient intake. Previous studies have shown that increases in food prices lead to greater levels of stunting among children, decreased maternal micronutrient status, and impaired growth of infants (Gitau, Household dietary diversity has been identified as a potential food security indicator, although it is relatively underexplored in the literature. The availability of non-grain and non-staple foods (that ensure micronutrient intake of household members) is an important factor in combating child undernutrition and some scholars argue it should allow for a broader definition of food security, in relation to undernutrition (Thorne-Lyman et al. 2010) . The most recent Demographic and Health Survey for Bangladesh (BDHS 2011) included a module to assess household food insecurity during the previous 12 months (National Institute of Population Research and Training (NIPORT) 2013). The module found that food insecurity was more common in rural (39% of households reported some degree of food insecurity) than in urban households (24.2%) and that poorer households were more affected than betteroff ones (65% versus 10.3%). There was also some variation in the level of food insecurity across different divisions of Bangladesh.
Food security and gender
The literature also conveys the gendered dimension of food security. One study based on women in the north-west region of Bangladesh where food insecurity is prevalent, identifies socio-economic variables which predict food insecurity, such as level of education, gender of the head of household and house ownership. Female-headed households were shown to be more vulnerable to food insecurity (Rahman and Karim 2013) . Findings from a recent ethnographic study showed chronic food insecurity to be pervasive among ultra-poor women, who were commonly single mothers or widowed women. Such women are often marginalised and excluded from government programmes which seek to address food insecurity (McIntyre, L.; Rondeau, K.; Kirkpatrick, S.; Hatfield, J.; Islam, K.S. and Huda, S.N. 2011). The study found that it was poverty, lack of resources and purchasing power, rather than lack of nutritional knowledge that constrained these women from providing an adequate and nutritious diet for their children. The study concludes that a governance system which focuses more on ways to address chronic income poverty, vulnerability, and exclusion rather than 'food and nutrient' issues would be more effective in resolving the problems faced by the ultra-poor in Bangladesh, and subsequently the rates of child undernutrition (McIntyre et al. 2011 ).
These findings on gendered food security and its impacts on undernutrition, is consistent with evidence from a recent focused-ethnographic study by Levay, A.V.; Mumtaz, Z.; Rashid, S.F. and Willows, N. (2013) . The study indicates that women face challenges in accessing adequate and nutritious food due to the increase of market food prices. An overall observation is that increased food prices and consequent food insecurity due to insufficient spending power can overall negate efforts to boost women's empowerment and knowledge of how to combat undernutrition for themselves and their children.
Corruption
Although relatively underrepresented in the literature, corruption within the agricultural sector can be an important factor in food security, and thus undernutrition. There is some limited evidence of corruption such as the extortion of bribes for food in Bangladesh's rural areas. Micro-level survey data on food security and corruption was collected from 210 Bangladeshi rice farmers and the findings indicated that corruption adversely affected household consumption. The marginal impact of corruption was more significant for low-expenditure households as they were less flexible in adjusting budgets and were thus forced to compromise spending on food (Anik, A.R.; Manjunatha, A.V. and Bauer, S. 2013).
Maternal health
The determinants of child undernutrition can spiral out to have intergenerational effects. Malnourished adolescent girls are likely to become malnourished mothers, and this can have impacts spanning from the intra-uterine development phase through to the health and nutritional status of birth outcomes. Maternal health is a key factor in determining the nutritional status of children, particularly in the first stage of infancy (zero to five years) (Deolalikar 2005) . Maternal health -during pregnancy and exclusive breast-feeding and while caring for a child -is a useful predictor of pregnancy outcomes and the subsequent nutritional status of a child. 
Nutritional status of mothers
In many instances, undernutrition stems from the pre-pregnancy nutritional status of the mothers (Khan and Ahmed 2005) . The findings of a study drawn from a Bangladesh Demographic Health Survey (BDHS) (National Institute of Population Research and Training (NIPORT), Mitra and Associates, and Macro International. 2009; ) reveal that maternal factors had significant effects on both severe and moderate acute undernutrition in Bangladesh. Low maternal nutrition levels were associated with a higher risk of wasting, low birth weight and acute undernutrition in children Chowdhury, S. and Hossain, D. 2009 ). Several studies have illustrated that the nutritional condition of mothers can affect the foetal growth and birth size of children (Rahman et al. 2009 ). The higher the quality of maternal care, the lower the prevalence of child undernutrition according to findings from a 2008 study (Das and Hossain 2008 ). Mother's body mass index (BMI) and age is used as predictor of undernutrition and a strong association has been observed between these factors and rates of underweight children (Das and Hossain 2008) . In urban Bangladesh, anaemia and vitamin A deficiency were found to be prevalent among pregnant mothers Mahmuda, I.; Sattar, A. and Akhtaruzzaman, M. 2003) .
Health and wellbeing of caregivers
The overall health and wellbeing of mothers (or caregivers) whilst caring for their child is also an important underlying factor in a child's nutritional status. Deficits in nutrients such as vitamin A in mothers can affect the nutritional status of children they bear (Milton, A.H 
. 2013).
A study which focused on maternal depressive symptoms as independent indicators showed that depressive symptoms at pre-and post-natal both had negative health and nutrition outcomes for their children. Post-partum depressive symptoms were found to be associated with low birth weight and impaired motor development in infants, and ante-partum depressive symptoms were shown to be predictors of infant stunting Forsell, Y. and Edhborg, M. 2013) . Another study undertaken in a low-income rural community in Bangladesh observed delayed cognitive development among infants between six and 12 months of age, and linear growth faltering which can predict stunting. The study also identified that mental health can have a particularly inhibiting effect on caregiving from the age of six months onward. The findings of this study were also consistent with previous studies on the correlation between low-income, low-education and depressive symptoms (Black, M.M.; Baqui, A.H.; Zaman, K.; Arifeen, S.E. and Black, R.E. 2009).
Maternal age
Mother's age is shown to be a determinant in birth outcomes ( . Earlier studies indicate that child undernutrition was more prevalent among those born to mothers under the age of 18 or over 34 years (Desai 1993; Somerfelt and Stewart 1994) . This has been corroborated in more recent studies (Das and Hossain 2008) . The children of adolescent mothers were shown to have a higher risk of undernutrition in a study of 539 first birth-order children of adolescent mothers and non-adolescent mothers (Abdullah, K.; Salam, M. A. and Ahmed, T. 2007) . Such mothers are also likely to be illiterate thus compounding the risk of continued undernutrition as the children become older.
Adolescence is considered a key stage in physical development as it is the last stage in which interventions can alter outcomes of nutritional deficiencies (Chowdhury, F.; Khan, A.I.; Hossain, M.I.; Malek, M.A.; Faruque, A.S.G.; Ahmed, T. and Salam, M.A. 2006) . Adolescence is also a common reproductive period for girls in Bangladesh and thus nutritional status in this phase can be a predictor of child undernutrition. The prevalence of malnourishment among adolescent girls and pregnant women is high in Bangladesh: one third of such women have low BMI and anaemia (Ahmed et al. 2012a ).
Findings from a survey which randomly sampled 4,993 unmarried adolescent girls in rural areas, showed that the prevalence of thinness and stunting among the adolescent girls aged 13-18 years was widespread and persistent (Alam et al. 2010) . The children of well-nourished mothers were shown to have a lower risk of being underweight compared to children of malnourished mothers (Rayhan and Khan 2006) . This was cited as a possible cause of insufficient breast-milk from thin mothers. Nutritional deficits among adolescent girls working in garment factories were identified in a cross-sectional study by Khan and Ahmed (2005) . The underlying causes of undernutrition status were attributed to inadequacy of dietary patterns and a lack of the key micronutrients (Khan and Ahmed 2005).
Care-giving
As children are vulnerable and dependent upon others, the role of mothers/caregivers is important for determining nutritional status and health outcomes. The literature shows that both the quality and quantity of care are important.
There is conflicting evidence regarding the impact of mothers' working outside the household on the nutritional status of their children. It can have differential impacts depending on the age of the child. Maternal employment can lead to a neglect in exclusive breast-feeding (Rasheed, S.; Frongillo, E.A.; Devine, C.M.; Alam, D.S. and Rasmussen, K.M. 2009), thus indicating that lack of maternal care can lead to a risk of undernutrition. On the other hand, there is evidence from qualitative studies which suggest a causal relationship between women's autonomy and (financial) control over a household and positive child nutritional status (Pryer, J. A.; Rogers, S. and Rahman, A. 2003) . A more recent study shows that height-for-weight (HAZ) indicators for nutritional wellbeing were better for the children of working mothers compared with those who were full-time housewives (Jesmin et al. 2011 ).
An emerging conceptual framework in the literature on causes of child undernutrition focuses on the caregiver-child relations and 'responsive feeding behaviours'. This framework argues that undernutrition can be partly attributed to the caregiver-child interaction during feeding practices.
Evidence of heterogeneous nutritional status within the same household can be explained by differing relationships between the caregiver and each child (Moore, S.; Prentice, A.; Wagatsuma, Y.; Fulford, A.; Collinson, A.; Raqib, R.; Vahter, M.; Persson, L. and Arifeen, S. 2006). The literature categorises feeding practices into three types: active, social and responsive, each of which can garner differing nutrition outcomes depending on how responsive the child is to feeding and the amount of intake during feeding times. Negative feeding behaviours such as force-feeding were shown to be ineffective in a 2006 study (Moore et al. 2006 ).
Water, sanitation and hygiene (WASH)
The most recent Demographic and Health Survey for Bangladesh (BDHS 2013) found that access to improved water sources is almost universal in Bangladesh (99% of households). Access to improved sanitation is less good with 33.7% of households reporting access to improved, not shared facilities and 18.9% to improved shared facilities (National Institute of Population Research and Training (NIPORT) 2013).
The literature conveys the sustained negative impact of repeated infections combined with poor nutrition, and how this can create a cyclical vulnerability to undernutrition and infection. An impaired gut caused by repeated infection can damage the ability to absorb nutrients thus perpetuating the impacts of undernutrition (Lin et al., 2013) . Water, sanitation and hygiene (WASH) become relevant here as key factors which can combat the root causes of infection and illness, and thus the risk of undernutrition.
High rates of wasting, one form of child undernutrition, can be partly attributed to frequent bouts of diarrheal disease among slum-dwelling children in South Asia. According to estimates, the prevalence of diarrheal episodes within a two-week time frame stands at 28 per cent of infants under one year of age in Dhaka (Rahman and Shahidullah 2001) . A recent analysis of data from Demographic and Health Surveys across different low-income countries found that 4.6% of all children below the age of 5 years suffered from diarrhoea in the two weeks preceding the survey in Bangladesh (Kothari et al. 2014 ). Buttenheim's study (2008) looks at weight-for-height indicators -which capture short-term changes in food intake and disease status and respond quickly to changes in the environment, care behaviours, or household food security -as a measure of undernutrition. The findings of the study indicate that an increased use of improved latrines has a positive effect on weight-for-height measure for undernutrition among children (Buttenheim, 2008) (Cairncross et al. 2006) .
Combined access to appropriate water and sanitation facilities is shown to have significant impact on reducing the incidence of diarrhoea -and the concomitant risk of undernutrition -in low-income communities (Begum, S.; Ahmed, M. and Sen, B. 2011) . Children born into houses without access to clean water were shown to be at risk of disease, according to a study based on findings from the Bangladesh National Health Survey from 2004 (Hong, R.; Banta, J.E. and Betancourt, J.A. 2006). Specifically, children from households without access to a toilet facility were observed as more likely to suffer from growth-stunting (50 per cent of respondents) than in households with access to a toilet facility (38 per cent of respondents) (Hong et al. 2006 ). This association with growth-stunting was not found with availability of safe drinking water and water with arsenic.
Evidence of the positive impact of water and sanitation facilities on effective diarrhoea control implies the need to establish effective WASH facilities in order to combat child undernutrition (Fewtrell, L. ; Kaufmann, R.B.; Kay, D.; Enanoria, W.; Haller, L. and Colford, J.M. 2005). However, there is a lack of consensus in the literature on the importance of availability versus quality of water, and the independent impact of sanitation facilities (Begum et al. 2011 ).
Access to potable water that is naturally rich in micronutrients can also help to combat risks of lowintake of vital micronutrients needed to combat undernutrition. A study of a rural population in North Bangladesh indicates that the local iron-rich potable water was attributable to the absence of irondeficiency among the women tested (Merrill, R.D.; Shamim, A.A.; Ali, H.; Jahan, N.; Labrique, A.B.; Schulze, K.; Christian, P and West Jr., K.P. 2011). This indicates the role of groundwater in helping to alleviate some of the risks of undernutrition and related diseases.
Access to healthcare
The literature concerning the relationship between access to healthcare and child undernutrition is restricted largely to evaluations of programmatic interventions. In terms of the broader peer-reviewed literature, there is less information available. One study, by Hong et al. (2006) , did not find any correlation between lack of access to prenatal and maternal healthcare services and nutritional status. One of the most prevalent topics in this area of the literature is the impact of immunisation on child undernutrition.
Vaccinations
Vaccinations are one of the most important healthcare services required to protect against the risk of child undernutrition. A strong association has been observed in the literature between vaccination and nutritional status. Undernutrition is cited as a common consequence of measles (Bhaskaram, P.; Reddy, V.; Raj, S. and Bhatnagar, R.C. 1984; Bhaskaram 1995; Chowdhury et al. 2006; Ahmed, A.M.S.; Tahmeed, A.; Alam, N. and Hossain, I. (2012) . Vomiting and diarrhoea during or following measles leads to a reduction in food intake and nutrient absorption, and this is known to cause protein loss. Measles infection and undernutrition are thus interlocked into a vicious cycle, where the infection can lead to nutritional deficits, and malnourishment itself can heighten the risk of contracting measles (Chowdhury et al. 2006 ).
BASIC FACTORS
The basic factors deal with the wider socio-economic, ecological and cultural contexts of child undernutrition in Bangladesh. As seen in this review, gender is a cross-cutting issue across many of the determinants and sub-categories of child undernutrition. Household gender dynamics, the level of female empowerment and broader cultural attitudes regarding gender roles can all determine a child's nutritional status at a basic level. Poverty and vulnerability must also be taken into account when looking at basic factors -these are related with food security, WASH and access to healthcare services which in turn are linked with the immediate factors of diet and illness. Finally, Bangladesh is prone to natural disasters -heavy flooding in particular -and lacks a robust disaster-response infrastructure. The impacts of such disasters are compounded for the poor and vulnerable, who tend to live in areas served poorest or neglected by infrastructure. Undernutrition has been observed as both a short-term and longterm outcome of such disaster situations.
Socio-Economic Factors
Poverty, vulnerability and social/cultural attitudes can all contribute to the risk, presence and continuation of child undernutrition from pregnancy and infancy on to the later stages of child development. Factors such as the educational status and income level of parents can have a significant impact on a child's nutritional status (Alom, J.; Quddus, M. and Islam, M.A. 2012) . Poverty is measured in the literature not just by income and assets, but also by access to credit and stability of livelihoods. Vulnerability takes into account the gender of the head of household, exposure to risks including those that are economic, social and environmental. There is a strong gendered dimension to poverty as has been widely discussed in the general literature concerning Bangladesh. Rural Bangladeshi women have been identified in the literature as particularly vulnerable. Both the economic and health outcomes of undernutrition among such women are significant, and are widely cited as a factor of widespread child nutrition in rural areas (Milton, A.H.; Smith, W.; Rahman, B.; Ahmed, B.; Shahidullah, S.M.; Hossain, Z.; Hasan, Z. and Sharmin, S. 2010).
Poverty
The existing literature suggests a strong link between poverty and child undernutrition Kabir, M. and Hasan, M. 2005; Corsi et al. 2011; Dancer et al. 2008; Foraita, R.; Klasen, S. and Pigeot, I. 2008; Haddad, L.; Alderman, H.; Appleton, S.; Song, L. and Yohannes, Y. 2003) . Households characterised by low-income based poverty are strongly associated with the presence of child undernutrition (Milton et al. 2010; Jesmin et al. 2011 ).
Studies in Bangladesh have shown the rate of child undernutrition (as defined by underweight and stunting indicators) to be consistently high among those living in households of low socio-economic status. With childhood growth-stunting, the risk declines consistently as the wealth index increases. This relationship remains strong even when controlling for health, demographic and social factors (Hong et al. 2006 ). The risk of child undernutrition takes a different form after the exclusive breastfeeding period ends and the child begins to consume what the rest of the household is eating, thus household income status can have specific temporal impacts on the risk of undernutrition (Deolalikar 2005) . Higher living standards have been observed with an improvement in overall rates of child nutrition (Ahmed et al. 2012a ). The economic conditions of the household can be considered among the most important factors of child undernutrition according to a study of causal dependence chains of undernutrition in Bangladesh (Foraita et al. 2008 ).
There is widespread consensus in the literature that a reduction in poverty leads to improved nutritional status. Haddad et al. (2003) have shown that an increase in income at the household and national levels can significantly improve the nutritional status. In Bangladesh, when nutritional status was modelled against GDP per capita for 1970 through to 2000, a reduction of 23.1 per cent and 22.4 per cent in stunting and underweight respectively could be attributed to GDP growth alone.
Much of the literature that is focused on socio-economic factors of child undernutrition in Bangladesh is preoccupied with geographical patterning and the rural-urban divide, and within urban areas, the slum versus non-slum divide. Implications for undernutrition according to gender, degree of intensity and type can vary along such lines according to these studies, with a higher rate of undernutrition found among children in rural areas ( Deolalikar, 2005) . Despite numerous programmatic interventions in child undernutrition in Bangladesh, the persistence of significant economic disparities suggests the importance of this basic factor in child undernutrition (Deolalikar, 2005) .
The stratification of nutritional status along socio-economic lines in different livelihood groups has been explored in a study by Pryer, J.A.; Normand, S. and Rahman, A. (2002) . Drawing from data collected from 850 households for the Urban Livelihoods Study, 3 four different clusters were identified according to socio-economic, demographic and occupational variables. The study signifies that low-income slum-based communities in urban Bangladesh are not socio-economically homogenous and differentiations in assets-based and income-based wealth and access to credit, as well as vulnerability i.e. gender of head of household, are strong determinants of nutritional status. The poorest socio-economic cluster was shown to have the worst nutrition outcomes. Measures for child undernutrition, weight-for-age height-for-age and weight-for-height were shown to be highest in the low-income, most vulnerable cluster (signified by female-headed, poor households) (Pryer et al. 2002) . Different types and intensities of undernutrition are associated with different factors. Severe undernutrition declines more steeply with economic status than non-severe undernutrition (Deolalikar 2005) . However, figures also showed undernutrition still exists among the richest 20 per cent of the Bangladeshi population suggesting that cultural and social factors, as well as economic, are at play here (Deolalikar 2005 ).
An analysis of the multi-pathway causal chains of dependence for child undernutrition in Bangladesh by Foraita et al. (2008) defined 'goods' as clean toilet facilities, food security, access to protein, mothers with a high BMI, access to modern healthcare and vaccinations. Those households with a better economic situation, educated mothers and the aforementioned goods tended to have children with positive nutritional status. In terms of livelihoods or employment, those households with mothers who did not work were seen to have better impacts on the wasting form of undernutrition than those mothers who took on unpaid work (Foraita et al. 2008) . The study also looked at the proximity of such impacts on child undernutrition, stating that the multiple impacting factors identified all had a direct impact. These findings are further bolstered when a positive deviance is taken: a study by Rogers, S. and Rahman, A. (2004) explores factors which underlie households with positive nutrition outcomes. Cluster analysis showed that better nourished children were more likely to have taller mothers, tend to come from female-headed households and from families with higher income indicated by such amenities as electricity in the home, better latrines, and greater floor space.
The overall findings of a study of 5,799 children indicate that household wealth inequality is strongly associated with childhood undernutrition. Children in the poorest 20 per cent of households were three times as likely to suffer from adverse growth rate, and this is consistent with more recent studies (Hong et al. 2006; Jesmin et al. 2011) . A correlation has also been observed between parents with tertiarylevel education or higher and if the mother had a good job, extending the evidence of a link between socio-economic factors and child undernutrition (Jesmin et al. 2011) Within low-income groups, different types of livelihoods can have differential impacts on a child's nutritional status. Findings from one study suggest that children of skilled employees were less likely to be suffering from moderate wasting than children of unskilled employees. Unskilled employees were commonly found to be illiterate and lacked a stable income (Rahman et al. 2009 ).
Tobacco use
A key socio-economic area of enquiry that has emerged in the literature is the potential link between household tobacco consumption and child undernutrition. A recent study by Chowdhury et al. (2011) shows that fathers of 49 per cent of a sample of 13,555 under-five children in Bangladesh, were found to be smokers. The findings from multivariate logistic regression models adjusting for potential confounders indicated that fathers' smoking was significantly associated with increased risk of underweight status and stunting. This also correlates with those belonging to middle and lower socioeconomic strata, where the risk of moderate to severe child undernutrition was found in households headed by smokers. This is part of a growing evidence-base which suggests tobacco expenditure in low-income households can exacerbate the effects of poverty, and diverts household income away from food, clothing, housing, health, and education (Best, C.M.; Stallkamp, G. and Semba, R.D. 2007; Efroymson, D.; Townsend, J.; Dey, A.R.; Dhar, B.; Sujon, A.I.; Ahmed, K.U. and Rahman, O., 2001; Nonnemaker and Sur 2007) . The average male cigarette smoker in Bangladesh is estimated to spend more than twice as much on cigarettes than the per capita expenditure on clothing, housing, health, and education combined (Efroymson et al. 2001) .
A study by Best et al. from 2007, sought to explore whether smoking is a contributing factor to undernutrition among children using data on household expenditures and child nutritional status collected from 77, 678 households. 4 In the analysis, the characteristics of households in which the father and/or mother used tobacco were compared with households in which neither parent used tobacco. In households with tobacco use, the levels of paternal and maternal education were found to be lower and maternal age was older. Indicators for undernutrition, based on UNICEF measurements, were shown to be higher in households with tobacco use compared with those households with no tobacco use. The mean total monthly household expenditure per capita and mean monthly household expenditure on food were lower in households with tobacco use than in households with no tobacco use. The relationship between multiple indicators of undernutrition (stunting; underweight; wasting; severe stunting; severe underweight and severe wasting) and parental tobacco use was consistent and significant in each quintile of total monthly per capita household expenditure (Best et al. 2007 ). Poorer households were found to spend proportionally more money on tobacco products than wealthier households, suggesting tobacco addiction imposes the greatest strain on the household budgets of the poorest sector of society. These are the same households in which children are most likely to have undernutrition. Based on the consensus that as household spending on food increases, the risk of undernutrition decreases (Efroymson et al. 2001; Hosain et al. 2006 ), this suggests a strong link between expenditure on tobacco in low-income households and the risk of child undernutrition.
Gender disparities/Cultural Factors
The literature on gender disparities in child undernutrition in Bangladesh is varied and conflicting, depending on the methodology, typology of undernutrition and timing of the research. Studies from the 1970s and 1980s focused on female discrimination in overall health-seeking behaviour, and following on from this, a study in 2000 indicates a gender gap when tested for multiple variables, according to middle-upper-arm circumference (MUAC) measurements of child undernutrition (Choudhury et al. 2000) . However more recent studies among Bangladeshi children have not found sex to be a predictor of undernutrition in either chronic or acute forms (Das and Hossain 2008; . A multivariate analysis of the under-two year's population in Bangladesh indicates that undernourished children are less likely to be female, and attributing factors for undernutrition include age, measles vaccinations and recent experience of diarrhoea . Female children were found to be more likely than male children to have poor weight-for-height and height-for-age Zscores according to 2008 study which looked at anthropometric measures of children who were aged at least one year (Dancer et al. 2008) .
Bangladesh is one of the few low income countries in which the prevalence of undernutrition among female children is higher than the prevalence among male children. This suggests gender discrimination in terms of household allocation of food. Education level of the mother, but not the father, was shown to be an important predictor of child survival, particularly for female children (Dancer et al. 2008) . Cultural factors for the gender gap when it comes to breast-feeding duration were also identified in a qualitative study by Hackett, K.M.; Mukta, U.S.; Jalal, C.S. and Sellen, D.W. (2012).
In terms of the broader impact of gender norms among adults on child undernutrition: a strong statistical correlation has been drawn between child undernutrition and the educational status of mother and/or head of household (Chowdhury 2006 ) and the association between maternal education will be discussed in the section dealing with female empowerment below. Levay et al. (2013) look at the structural factors behind the status of women in Bangladeshi society and explore the impact of this on access to food. This can in turn determine the nutritional status of children. The ethnographic study observed that limitations on women's decision-making, dependency and mobility constrained them from being involved in food provisioning. These constraints were stronger in rural contexts, where women often lacked any control over how household food budgets were managed. Such gender dynamics can lead to sustained poor nutritional status, particularly when combined with multiple pregnancies and strenuous labour (Levay et al. 2013) . This is consistent with another recent ethnographic study which focuses on the vulnerability of ultra-poor women in Bangladesh, and found that gender and cultural norms were a constraint on food provisioning and thus potentially had damaging impact on nutritional status of the women and their households (McIntyre et al. 2011 ).
Female Empowerment
The gender dimension of some of the basic and underlying factors of child undernutrition have already been discussed in this review. Mothers are usually the primary care-givers of children: responsible for breast-feeding in the correct manner for the first six months, and subsequent feeding of complementary foods. The empowerment of women is thus an important basic factor of the nutritional status of children. (Pelletier, D.; Shekarb, M.; Dua, L. and Kostermansb, K. 2005) . Household gender dynamics, educational status and access to practical knowledge are all aspects of female empowerment that can contribute to whether or not a child is sufficiently nourished.
Education
Numerous studies suggest that maternal education is significantly associated with severe child undernutrition. Mother's level of education has been identified as a key risk factor in nutrition outcomes for children, and a lack of education has been associated with different types of undernutrition (Ahmed et al. 2012a) . Chronic undernutrition was found to be highest among children with illiterate mothers (Rayhan and Khan 2006) . However, while some scholars claim that education status of women can have a negative impact on child nutrition (Milton et al. 2010) , others suggest that mothers with practical knowledge rather than high educational level are more effective in ensuring the positive nutritional status of children (Jesmin et al. 2011 ).
The overall lack of knowledge among poor and ultra-poor women regarding medically recommended pregnancy dietary requirements, and a preference to follow alternative traditional beliefs and practices can lead to an insufficient intake of the necessary nutrients (Levay et al. 2013) . The mothers of malnourished children have been observed as having low exposure to mass media (television, radio and newspapers) and with little or no formal education. For example, there is little awareness among households with illiterate mothers that iodised salt should be used in cooking to provide adequate nutrients (Ahmed et al. 2012a ).
Among female adolescents -an age group where reproductive activity commonly begins in Bangladesh -a lack of awareness has been found regarding the benefits of exclusive breast-feeding newborn children and of appropriate IFP (Hackett et al. 2012 ).
Gender-based violence
Bangladesh's persistently high rate of child undernutrition has been in part attributed to the social environment, in particular intimate partner violence (IPV) in the household, although at present it is a relatively under-researched topic. Nakamura, K.; Seino, K. and Kizuki, M. 2013a) . IPV can have both direct and indirect impacts on child nutrition. The psychological stress when witnessed by children in the household, which can in turn lead to immune system reactions. Such reactions can potentially cause severe and chronic infections such as diarrhoea (Åsling-Monemi, K.; Naved, R.T. and Persson, L. Å. (2009)). More directly, IPV can be wielded through household circumstances where abusive family members may withhold food, or through physical or psychological maternal health outcomes Rahman, M.; Poudel, K.C.; Yasuoka, J.; Otsuka, K.; Yoshikawa, K. and Jimba, M. (2012) .
Data drawn from the BDHS (2007) was the basis of a sample frame of over 11,000 married women aged between 15 and 49 years across Bangladesh. Thirty two per cent of the sample was found to be undernourished or thin and approximately 70 per cent were found to be correlated with stunting. Maternal IPV of either a sexual or physical nature has been associated with these findings related to stunting and underweight status. IPV was also shown to have potentially long-term effects on maternal mental health thus compromising her ability to provide adequate care for her children, and potentially their nutritional status ).
Natural Disasters
Bangladesh is vulnerable to widespread flooding, and some of the literature explores the downward spiralling effect of such disasters on vulnerable populations, suggesting the outcomes of such vulnerabilities can include child undernutrition (Del Ninno and Lundberg 2005) . Women and children in particular are the worst affected by disaster situations (Akter 2004) . Data collected on pre-flood and post-flood status indicates an adverse and gender-differentiated impact of the 1987 flood on children's intake of vitamin A (Chowdhury, A.Y. and Bhuiya, A. 1993) . A 2005 study provides evidence of a link between children who were exposed to the 1998 flood in Bangladesh, and lack of growth, which indicates impact of poor nutrition (Del Ninno and Lundberg 2005) . The study also observed the impacts of flooding beyond the initial shocks, and found a sustained negative impact on health and nutrition outcomes.
Slum populations are particularly prone to flooding hazards and negatively impact child nutritional and health status (Goudet, S.; Faiz, S.; Bogin, B.; Griffiths, P. 2011) . A mixed method Dhaka-based study looks at the long-term impacts of repeated flooding in Bangladesh. The study observed that child undernutrition factors which are already present in slum contexts such as insufficient breast-milk; food insecurity and hunger; burden of working mothers and challenges in infant and child food preparation are exacerbated when flooding occurs. Mothers were found to take on the burden of hunger and food insecurity by allocating diminished food provisions to children instead of themselves, thus impacting the level of maternal care provided (Goudet et al., 2011) .
CONCLUSIONS
A number of key themes emerge from this review of the available literature on the determinants of child undernutrition in Bangladesh: the importance not only of maternal health, but of girls who reach reproductive age; the risks posed by chronic poverty and food insecurity and the intensified impact of all the determinants on the poorest and most vulnerable -a group dominated by women.
The main challenges seem to emerge in the interconnectedness between basic, underlying and immediate factors of undernutrition among both children and mothers (including potential mothers). The immediate factors of diet and illness are closely bound up with issues of caregiving and maternal health which have recurred in this review and highlight the need to address challenges in child, maternal and adolescent girls' healthcare in an integrated manner. The findings of this review thus suggest a holistic policy approach which encompasses social, education and economic factors as well as public health is necessary. A policy approach should also be reflective of the different needs of rural and urban slum communities, and of the differing socio-economic categories even within low-income groups. Poverty and vulnerability are also key cross-cutting issues which can entrap children in undernutrition, leading to intergenerational impacts. Such impacts have been observed in both rural and urban areas, although those in rural areas have been found to be more vulnerable.
Gender is a key theme in the literature: while there is conflicting evidence regarding gender disparities in child undernutrition, there is a consensus on the significant impact of gender in terms of caregiving and the surrounding household environment of a child, for example whether the mother is head of the household or empowered to make household decisions can influence the nutritional status of a child. The compounding impact of gender and vulnerability on those who are of a low socio-economic status is a recurring theme in the literature ranging from food insecurity and poverty, through to women's awareness and cultural factors. The constraints on women such as poverty, food insecurity, disease and illness and poor health outcomes are particularly vulnerable to natural disaster or economic shocks, thus resulting in more serious negative impacts on child undernutrition.
A paucity of literature has been identified in terms of the impacts of maternal mental health on child undernutrition -a factor influenced by household dynamics, domestic violence and access to healthcare services. This review has also identified new areas of enquiry, such as the role of dietary diversity in ensuring household food security in the nutritional sense, the impact of caregiving practices such as feeding and the role of genetics in child undernutrition, all areas in which further evidence and research is required for a more detailed understanding of their role in determining child nutritional outcomes in Bangladesh.
